Understanding the complex spatio-temporal relationships between environ-
Introduction
The State of Kuwait is located at the northwestern corner of the Arabian Gulf and occupies an area of 17,830 km 2 . Refer to Figure 1 : location map of the study area covering Burgan and Greater Burgan oil fields, State of Kuwait [1] . The oil fields in the country are found in two main parts; the northern part which comprises the Ratqa, Raudatain, Sabriya and Bahra oil fields (143 oil wells), and the southern part which includes the Greater Burgan, Managish, Umm Qudair and Wafra oil fields (766 oil wells). The Greater Burgan consists of three distinct oil fields; namely, Al Ahmadi, Burgan and Magwa. Refer to Figure 2 : Location of Burgan oil field in State of Kuwait [2] .
Kuwait has undergone serious environmental damage due to the formation of ''oil lakes'' and hydrocarbon surfaces created in the desert following the 1991 Gulf War. There were 810 active wells in Kuwait out of which 730 were damaged or set ablaze during the Gulf War [3] . The free flowing crude oil spilled over the desert surface accumulated to form ''oil lakes''. These are unique and can be considered to be one of the worst environmental disasters of recent times. Oil contamination caused serious damage to the environment. Figure 3 shows fires in well head inside Burgan oil field. As a result of the presence weathered crude oil; soil physical, chemical and geochemical properties were negatively affected. The persistence of extremely highly weathered oil and TPH levels suggests that the oil contaminated soils would require to be remediated in order to reduce the adverse environmental impacts to Kuwait's desert. Therefore, a remediation demonstration strategy is developed to assess and field test various remediation technologies in restoring the oil contaminated soil areas [4] . Geographic Information Systems (GIS) provide a powerful tool in managing and analyzing spatial data. Geographic Information System has been applied successfully to large variety of fields, one field of particular interest is the field of disaster identification and mitigation represent in the impact of hydrocarbon pollution on soil degradation in Burgan oil field, South Kuwait. It is well understood that hazard identification and land management play a major part in reducing the impact of natural disasters. This is a role GIS is well suited to especially when combined with field investigation work. GIS and databases are widely used in natural resources management and environmental science. The present study was conducted to estimate the extent and volume of contaminated soil by using GIS application and field survey. The long term impact of oil pollution on the environment of Kuwait (study area) has been assessed in this study to determine the GIS has been the main tool used for estimating the area and extent of contamination and to monitor changes with time. To estimate total volume of contaminated soil requires knowing both the area and average contamination depth of each lake. Whilst previous studies have characterized and quantified the contamination for specific sites [7] [8] [9] , they have not estimated area and depth with sufficient accuracy and in any case too few sites have been studied to allow accurate volume estimation for the entire oil field, therefore this field survey study was designed to provide the geo-referenced, ground-truth information on the volume and extent of contaminated soils in the GC32PL, Greater Al-Burgan oil field at a more intensive scale than previous studies. The estimated area of oil lakes in the Greater Al-Burgan field range from 14.07 km 2 [10] to 35.45 km 2 [11] and 24.14 km 2 [12] . The large variation in results is due to the different techniques employed, each with different accuracies, and also to the inherent dynamics of the oil lakes as they dry, seep away, and are covered by a sand veneer. Furthermore, the accuracies of these estimates, both of area and volume are unknown because there has been limited groundtruthing data. To estimate the total volume of contaminated soil requires knowing both the area and average contamination depth of each lake. The present work is an integrated part of a series of studies carried out on soil profiles affected by oil lakes in the Greater Burgan area in order to determine the level of contamination and depth of oil penetration within the profiles and it throws light on the physical properties of these soils, which may influence the downward migration of oil pollutants persisting all over the world and it should be assessed properly in order to tackle it and assess the environmental impact assessment using the new techniques to treat the problem from its roots.
Aim of Study
This study aims to highlight the high level achievements of the environmental assessment for the oil contaminated status in Gathering center 32 (GC32 PL.)
Burgan oil field, state of Kuwait by using GIS application and field investigation.
These information will be used to aid subsequent rehabilitation planning and monitoring, and to provide a basis for future detailed quantification surveys.
Therefore the objectives of this survey were to: 1) categorize the types of oil contamination damage, 2) map the extent of damage, and 3) estimate the volume of contaminated soil. Reconnaissance field studies have typically assessed the contamination depth, total petroleum hydrocarbon concentrations and oil contamination area.
Geology of Greater Burgan, Kuwait.
Geomorphologically the Kuwait land surface is flat and slopes gradually north-eastward with an Average gradient of about 2 m/km. Kuwait's desert can be divided into four physiographic provinces: Al-Dibdibba gravelly plain; southern desert flat; coastal flat; and coastal hills [14] . 
Metrology and Site Description
Kuwait is situated in the north western corner of the Arabian Peninsula between latitudes 28˚30'N and 30˚05'N and longitudes 46˚33'E and 48˚35'E. The climate of Kuwait is characterized by extremely high temperatures during summer, short mild winters, high sunshine hours, low humidity and generally dry condition.
The mean rainfall is 118 mm/year, mean temperature is 37.4˚C and maximum mean temperature is 45˚C. The investigated area in this study lies in gathering center 32 pipeline (GC32PL) which located in the greater Al-Burgan oil field, the south of Kuwait. The study area covers about 800,000 m 2 of the Burgan oil field, area is large in extent and the distribution of damage is complex, requiring that a sound methodology be established. There is a wide range of contaminated conditions in the area and it was categorized into two different zones based on the contamination feature type from dry oil (zone 12) to wet oil lakes (zone 13) to relatively "clean" soil by visual observation, and the contamination was varied markedly over short distances both spatially and with depth, [7] .
Methodology
To assess the magnitude of contamination damage in the study area, information on the extent and type of damage is required. Two tracks were applied in this study 1; Groundtruthing through satellite imagery and GIS analysis. 2; field survey through site soil characterization, and to carry on that successfully the sampling sites should selected properly to assess where oil contamination exists and to provide supporting quantitative and qualitative data to assist with mapping and characterization of the oil contamination. GIS has been the primary tool used for estimating the area, extent of contamination, and changes over time [2] [11] [16] , and the present status through survey study investigation.
Other methods of investigation were used during this study include using laser-induced fluorescence to examine soil color, soil texture, soil consistency, and GPS was used in the methodology to accurately determine the three-dimensional test points easting, northing and the height in reference to Mina Al Ahmadi An approach based on soil survey concepts using GIS was adopted because this methodology is proven for mapping and providing information over a large area using a sparse site density and limited analytical data set [17] . This approach can efficiently draw on existing data sets of varying quality and combine them with the sampling data set to improve the quality of the output and to reinforce confidence in the final result. This study multifaceted approach used several sources of information, field survey observation data, satellite imagery Oil field), also it includes the assessment of present contamination and under/above ground utility services that were identified during site survey, the findings of groundtruthing was used for delineating the present boundary of the contamination based on which the present area of soil contamination is estimated. Site soil characterization process was carried out through locating sampling points and collects soil samples for TPH laboratory analysis, profile the vertical contamination and to modeling the extent of the soil contaminated layers. All These data together defined the volumes and quantities of heavily contaminated soils, total petroleum hydrocarbon, and the oil contamination extension within the area of study. All data was entered into a database for analysis and map information was manipulated by a geographical information system, the map shows polygons and each polygon identifies the class of contamination within it essentially, the map unit boundaries indicated where it is expected that there will be a marked change in the type of oil contamination whether it is dry 
Results and Discussion
Massive pollution of marine and terrestrial environments resulted from the destruction of Kuwait's oil production facilities at the conclusion of the Iraqi oc- sludge overlying dark brown oil-contaminated soil that in turn overlies soil with no visible oil contamination. These were created by the flow of oil over the surface from damaged oil wells. The dry oil lakes are generally found in shallow depressions and flat areas, often forming fringe areas around wet oil lakes, the surface tar material in areas of dry oil contamination was found to contain mean TPH concentrations of approximately 7.3% underlying contaminated soil was found to contain mean 2.5% TPH concentrations, the deeper layer had mean TPH concentrations in the range of 0.07%. Site soil characterization (site investigation) of the dry oil lakes contamination has been undertaken in this study to profile the following vertical depths of heavily oil contamination (0 -20 cm), residual oil contamination zone (20 -40 cm) and clean zone (40 -80 cm or greater) at 5 grab sampling points and determine the total TPH levels (USEPA method 9071B or equivalent) of composite sample for each depth of the 5 grab sampling points. There is changes in the transition from dry oil lake to wet oil lake contamination are expected to have taken place between 2002 and the current study time 2017 (Figure 8 ) related to the natural degradation processes caused by exposure to air, heat, water, and wind-blown sand, natural degrada- Continued seeping of oil into the soil under the wet oil lakes and wind-blown sand sinking into the edges of wet oil lakes are expected to result in the transition of dry oil lakes features to wet oil lakes, the degree to which this transition is occurring has been quantified within the present study, refer to Figure 7 and Figure 8 for the variance between present day contamination boundaries (2016) compared to the same contaminated boundaries in 2002 within the study area. Refer to Figure 9 for resulted GIS map summarize the changes estimation in areas between Dry oil lake and Wet oil lake within the study are in 2016. In this study to profile the following vertical depths of heavily oil contamination and delineate the present day boundaries, about 60 sample location within test pit have been carried out on two different zones (zone12 and zone 13) in the study area as depicted on following map (Figure 6 ).
Site Soil Characterization Process
Site Soil characterization is divided into 2 main processes: Field investigation and volume calculation. 
1) Field investigation
The field investigation is comprised of soil sampling of the contaminated layers following an approved methodology, profiling contamination thickness and characteristics of soil using BS5930 standards this study presents description and results of site soil characterization activities carried within area GC32 PL in both dry oil lake and wet oil lake feature particularly inside Kuwait Oil Company fence, burgan oil field to delineate the present day boundaries between wet and dry oil lake contamination and between the external boundary of contaminated area with the clean environment, refer to Figure 10 and Figure 11 photos showing examples for the field team site activities during the investigation. Contaminated features divided into two zones (zone 12 for dry oil lake and zone 13 wet oil lake) based on grids distribution and homogeneity of sampling pits as shown in Figure 12 and Figure 13 . The objective of this site characterization within this study is to determine the level of contamination in the above-mentioned (TPH) which is an indicator for the presence and amount of oil contaminants in a soil matrix, and it was determined in both wet oil lake and dry oil lake in GC32PL, as for the GC32 PL dry oil lake zone 12, TPH were analyzed using US EPA method 9071 B, the analysis was carried out on dry basis,. After the analysis of visual data, collected samples and using GIS application in GC32 pipe line, it is inferred that the total volume of oil contamination about 168776.55 m 3 of dry soil contaminant was calculated within zone 12 in GC32PL-DL area and an estimated total area of contaminated soil of = 557617.136 m 2 , and the investigation was carried out by using 30 sampling trial pits spread all over the area in zone 12.
As for wet oil lake in GC32PL, the depth of contamination for layer 1 which consisting of crude oil ranged from 0.08 to 0.90 m and the depth of contamination for layer 2 subsurface contaminated soil ranged from 0.15 m to 0.9 m the investigation was carried out by using 30 sampling trial pits spread all over the area in zone 13 GC32 PL wet oil lake, Burgan oil field. A total volume of Table 1. 2) Volume Estimation Figure 18 , showing contamination soil profiles during site investigation in area of study in GC32 PL dry oil lake and wet oil lake.
Conclusions & Recommendations
Several lake areas then in wet oil lake areas, and oily soil is the dominant contaminated soil layer type.
